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[Abstract] 

[Problem] 

To eflSciently improve tbe luminance of an image to be displayed on a liquid- 
crystal display panel and solve various problems due to heat generation of a light source 
for applying Ught to the liquid-crystal display panel. 
[Solving means] 

A control circuit is operated so that the operation of a first period: tj for 
supplying a lamp current to a light source and the operation of a second period; t2 for 
stopping supply of the lamp current are repeated and a power value: {(tixip.pXVp^)/2} 
obtained fiom the peak intensity: ip^ of the lamp current to be supplied to the light 
source in the first period, and the peak intensity : Vj^ of the voltage to be suppUed to the 
light source in the first period becomes smaller than the power value: (tl+t2) x (i^W^ 
obtained fix)m the effective current: i^^ to be supplied to the light source in one cycle 
(tl+t2) constituted of the first period and second period and the eflfective voltage: V^^ to 
be applied to the light source. ' 
[0149] 

Moreover, as the liquid-crystal display in Fig. 2(a), it is allowed to use an EPS- 
type Uquid-crystal display device in which a liquid-crystal layer 2 has And=0.28 pm and 
which is parallel-oriented at a twist angle of 0° and to which an electric field parallel 
with substrate siuface is applied. Fig. 2(c) shows a perspective view of a light-source 
unit 10 preferable for combination with the liquid-crystal display device. The IPS-type 
liquid-crystal display device has an aperture ratio lower than that of the TN type or VA 
type. Therefore, side-edge-type light-source units 10 in which four cold-cathode tubes 
respectively having an outside diameter of 4 mm^ are arranged at the both sides of the 
light guide plate in the longitudinal direction, that is, two cold-cathode tubes at one side. 
Inverter arrangement is made so as to turn on two fluorescent lamps 8 as shown in Fig. 
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[0150] 

«Embodiment 2 for dynamic image <iisplay» 

In the present embodiment, modulation lighting of light source suitable for 
displaying a moving image. 
[0151] 

In order to obtain a moving-image display characteristic same as the case of a 
cathode ray tube, a backlight is changed from the full-time-on type lighting to the blink 
type lighting having a lighting period and an stoppage period and impulse light- 
emission same as the case of a cathode-ray tube is possible. In this case, it is possible 
to change blink cycles to a predetermined data rewrite cycle (sync signal Vsync) as 
shown by high-luminance lighting in Fig. 20(a), middle-luminance lightmg in Fig. 20(b), 
and low-luminance Ughting in Fig. 20(c). 
[0152] 

According to this embodiment, it is possible to realize impulse light emission 
same as the case of a CRT also in the case of a liquid-crystal display using a light- 
source unit (backlight system) and a moving image can be displayed. In the case of a 
conventional backlight system for a liquid-crystal display, energy efiScient is bad 
because a fluorescent lamp is always tumed on independently of whether an image 
signal is light display or dark display. However, by controlling the irradiation level of 
a backUght in accordance with the information content of an image signal, the light- 
emission eflBciency of a fluorescent lamp is improved and the luminance is further 
improved in accordance with saving of power consmnption and restraint of rise in a 
lamp temperature. Moreover, in the case of this embodiment, the irradiation level of a 
backUght is decreased when an image is dark and the irradiation level of the backlight is 
iacreased when the image is bright In this case, the relation between luminance and 
gradation characteristic, so-called the tone-carve characteristic is controlled in 
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accordance with the back brightness or image signal. 
[0153] 

Thus, by changing the time ratios of the above first period (lig^^^ period) an 
second period (stoppage period) in accordance with the information ot^ shade 
of an image signal, the irradiation level of a backlight is controlled. Mo'^^^^' 
changing time ratios of lighting period and stoppage period in accord^^^^^ 
information content on movement of an image signal, it is possible to r^^^ beautiful 

tnent of the image 
movmg-image display by decreasing the lighting time when the mov^*^*^ 

inw In this case, 
signal is fast and increasing the lighting time when the movement is s^^^' 

it is preferable to keep a current effective value to be applied to a laiPP ^^^S * 

ver by increasing 

light source emit light in each lighting cycle almost constant. Moto^^ ' 
the current effective value in the second period and turning on the ligl^^ source 
luminance lower than the case of the first period also in the period, it possible to 
change the irradiation level of the light source. For example, it is all^^^^ perform 
the high-luminance lighting shown in Fig. 20(d) or middle lighting st*^^ ^ ^^^^^ 
without making the luminance of the light source in the second period completely 
zero with respect to the low-luminance lighting in Fig. 20(c). 
[0154] 

To perform more complete moving-image display, it is nec^^^^^ 
synchronize the data scanning timing of an image signal with the bli^*^^^ tmiing 
light source as shown in Fig. 1 1 in addition to change of a backlight impulse ligh 
emission. In general, one of a vertical sync signal or horizontal syt^^ signal, dot clo 
signal, and fi^e signal is used as a signal for deciding the scaimin^ tmiing of an unag 
signal in an active-malrix-type liquid-crystal display device. By jcr ^^^'^S these 
scanmng cycle and blinking cycle, image data supply to a pixel is synchronized with 
scanning timing of blinking or lighting of a light source. For this ^:J3abodiment, it 

Also a light- 
preferable to use a light-source imit having a directly-under backUgt^ 
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source unit having a side-edge-type backlight can be realized by dividing an optical 
system such as a set constituted of a light source and a light-guide plate at the top and 
bottom of a display screen. 
[0155] 

Moreover, in the case of a side-edge-type backlight, it is allowed to 
synchronize the lighting-start time of the above light source with the start time of signal 
scanning of any scanning signal line (for example, n/2-th scanning signal line) located 
in a range between 0.3-th line and 0.7-th line of n scanning signal lines (n is the total 
number of scanning signal lines contributing to image display). 
[0156] 

The expression "n scanning signal lines" is described by showing the standard 
of the definition of a display image in a liquid-crystal display. For example, in the case 
of an XGA-class liquid-crystal display for displaying an image by using 1,024 video 
signal lines (in the case of color image display, 3,072 lines which is three times larger 
than 1,024 lines) and 768 scanning signal lines, n is equal to 768. In the case of an 
UXGA-class liquid-crystal display for displaying an image by using 1,600 video signal 
lines (in the case of color image display, 4,800 lines are used which is three times larger 
than 1 ,600 lines), n is equal to 1,200. In the case of the above active-matrix-type 
liquid-crystal panel, a video signal line supplies the above data signal (or image data 
signal) to a pixel electrode provided for every pixel through an active matrix device 
provided for each pixel and a scanning signal line controls transmission of a data signal 
in the active matrix device. According to each of these functions, the former is also 
referred to as data signal line. Moreover, because a thin-film transistor is widely used 
which has a source electrode and drain electrode respectively having charge of 
input/output of a data signal as an active matrix device and a gate electrode for turning 
on/ojB* transmission of a data signal between the electrodes, the former is referred to as 
source signal line or drain signal line and the latter is referred to as gate signal line. 



[0157] 

In the case of a liquid-crystal display (n=l,200) corresponding to UXGA-class 
color image display, the 0.3-th scanning signal line corresponds to 360-th scanning 
signal line and the 0.7-th scanning signal line corresponds to 840-th scanning signal line. 
Moreover, signal scanning to a scanning signal line is sequentially starts from first 
scanning signal line to n-th (1,200-th in the case of this example) scajaning signal line. 
In the case of the conformation of this signal scanning, when synchronizing the lighting 
start time of the above light source with the start time of signal scanning of the 600-th 
scanning signal line which corresponds to n/2 scanning signal line, wnting of an image 
signal in a pixel group located at the center of a screen is 

synchronized with blinking of 
a backlight and a high-quality moving image can be displayed In the case of this 
moving-image display, it is also allowed to delay the scanning timing of n=first line of 
the n scanning signal lines (signal line to which a scanning signal is first supplied in 
one-frame period) from the start time of the blinking or lighting period of a light source 
by a constant time. 
[0158] 

On the other hand, it is preferable to set the stoppage period of the above light 
source to 1/20 or more of the lighting time and the luminance integral value during the 
stoppage period to 90% or less of the luminance integral value during the lighting 
period in order to improve the contrast of moving-image display. 
[0159] 

«Structure of liquid-crystal display used for moving-image display^^ 

When displaying a moving image in accordance wifli the above technique by 
using blinking or lighting of the light source of a Uquid-crystal display of present 
invention, more complete and beautiful moving-image display is realised by unprovmg 
the configuration of the liquid-ciystal display. 
[0160] 



(at least, an 

This liquid-crystal display has a pair of substrates faced eacl^ o 



electrode is provided at either of the substrates), a liquid-crystal disi>l^y 



1 in^^ " 

constituted of a liquid-crystal layer held between the substrates, ooxatro 

^ electrode, and a 

applying a voltage corresponding to a display image signal to tiie afc>oV 

- display 

light-source unit (backlight system) for irradiating the liquid-cry si:aJ- <^ ^ ^ 
The above light-source unit is constituted of a lamp (light soixrce) ^ ^refl^^ ^fleeted 



for 



reflectmg the light emitted from the lamp, and light guide plate for .^^ 
light to the liquid-crystal layer and at least, the lamp is set to the side 



cs or lights 



plate in the direction of the length of one side. The light soixrce t>lxnl^^ 

age Period and 

according to the cycle constituted of the lighting period and the s-topp^ l^etween 
changes the irradiation level of the liquid-crystal display panel t>3^ 

the lighting period and the stoppage period in the blinking or ligtxtxxiS ^ ^ provided 
power value for making the above light source emit light A. ba-c^l^Ji^^ 
for this type of the liquid-crystal display is referred to as side ed^e: tyP 

section of the 

lamps to be used (e.g. fluorescent lamps) are arranged in the tliicr^l<::«^^^^ 

^ ^ ^ ^bichthelamp 

light guide plate. A position of four sides of the light guide pla-'te? to 

^ginittanceofa 

should be set is decided by the luminance of the display and the ^t^r^J^ 
liquid-crystal cell. 

In the case of a TN(twisted nematic)-type liquid-ciy stalL c3S^V ^ ^^y^x to 

transmittance, one lamp is set to the long side of a light guide r>l art^ - . j to 

^ long sides or ui 

obtain higher luminance, it is allowed to set one lamp to each- o ^rvv v.*. T - 

. ^andmaybeL 

eachof short sides. Moreover the lamp is not limited to a Lixiesaxr transmittance, 
sh^)ed type or U-shaped type. In the case of an IPS mode tiarv 
it is aUowed to set two or three lamps to two long sides. 
[0162] 
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Moreover, in the case of a liquid-crystal display provided with a liquid-crystal 
display panel constituted of a pair of substrates faced to each other (an electrode is set to 
at least either of the substrates) and a liquid-crystal layer held between the substrates, 
control means for applying a voltage corresponding to a display image signal to the 
electrode, and a light source for irradiating the liquid-crystal display panel The 
above light source includes a plurality of lamps immediately below an effective display 
area of the liquid-crystal panel (so as to face the effective display area) and a plurahty of 
reflectors for reflecting the light of each lamp and the light source has a cycle 
constituted of a light period and a stoppage period and it is allowed to change the 
irradiation level of the light source in accordance with the time ratio between the 
lighting period and the stoppage period during the cycle and the power value for making 
the light source emit light. A backlight system provided at this type of the liquid- 
crystal display is referred to as the directly-xmder type and 4 to 12 lamps are set in the 
long-side direction of the liquid-crystal panel or 4 to 20 lamps are set in the short side 
direction in accordance with the luminance and the screen size requested to the liquid- 
crystal display. 
[0163] 

In the case of a side-edge-type backlight system, a lamp is conventionally set to 
the outside of the effective display area of the liquid-crystal display panel in order to 
prevent a Uquid-crystal cell from being heated by heat generation by the lamp. Liquid 
crystal has properties in which the value of refractive index changes and transmittance 
changes due to the change in temperature. Therefore, vAicn the liquid-crystal cell is 
locally heated, the partial transmittance, that is, the luminance and brightness are 
changed and display irregularity occurs. However, by applying blinking or lighting by 
the present invention to the backhght system and adding a circuit for controlling the 
blinking or lighting, heat generation from the backlight system is decreased and display 
irregularity does not easily occur. Moreover, it is possible to set a lamp in the 
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. . ^ssible to decrease the 

backlight system to the mside of a display area. Thereby, it is TP^ 
width (picture frame) of a frame surrounding the display screen 



display. 
[0164] 



A lamp used for the above backlight can use a cold-cath^ 



fluorescent 



lamp. 



^nofaliquid- 



display to^^- Th^ 
hot-cathode fluorescent lamp, xenon lamp, or vacuum fluoreso^J-*^ 

lieatgenera^^^- 
cold-cathode fluorescent lamp is characterized in that it has less ^ 

However, to more eflFectively prevent heat generation (heat rel^^^ t„r«n 

to increase the lamp 

set the lamp diameter of the light source to 3 mm or more in orcx 

--w beatreleaseis 

surface area. Moreover, to increase the thermal specific gra.^^''^^ ^ 

^ojrcetolmniormore. 

effective by setting the glass thickness of the lamp of the ligh-'t: S ^ replace the 

It is also possible to increase the diameter of the lamp of the li^-*^^ 
gas contained in the lamp with xenon. 
[0165] 

In accordance with the above description, a specific 
crystal display of the present invention is described belov^. 
[0166] 

The backlight system (light-source unit) shown in 
arrangement for turning on one lamp by one transformer, 
to constitute the inverter arrangement as shown in Fig. 21 
one transformer. In this case, because components such as 
capacitor are shared by two lamps, the cost is cut by decrea^ 
components. In this case, the inverter generally names a ci- 
(its example is shown in Figs. 1 and 5), which includes a co 
converting an DC voltage into an AC voltage, current contort 
modulation circuit, and booster circuit using a transformer, 
use a voltage device in addition to a transformer. 



2Ua) has inverter 
'^ever,itisalsoallov.ed 

dtumontwolanapsby 



-traiisformer 



andabaUast 



the number of 
for turning on a lamp 

version circuit for 

circuit, freq^^^y 
Moreover, it is possible 



to 



[0167] 

..crystal display 
Fig. 22(a) shows a plan view of the light-source unit of a liqp^ 

.deplete 11- ^ 

in which three fluorescent lamps 8 are set to the both sides of a light 

However, 

the case of this light-source unit, a discrete inverter is used every lamp- 

^ the same inverter 

when an output from the inverter is high, it is also allowed to connect ^ 

to a plurality of lamps. This light-source unit is eflFective when obtai"^^ 

Moreover, as 

transmittance of the liquid-crystal display mode or higher luminance- 

i^pstotheboth 

shown in Figs. 23(a) and 23(b), it is allowed to set 4 to 8 fluorescent 

lamps set to one 

sides of the light guide plate 11. In this case, a plurality of fluorescein 

^ the light guide 

side of the light guide plate are arranged in two lines along one side 

.the middle of the 

plate so that the high-voltage-side terminals are faced to each other a-*- 

. ^tg^de plate (face 

side and an inverter is set to the back of the central portion of the ligJ^ 
opposite to liquid-crystal display panel). 
[0168] 

total of two 

Fig. 24 shows a side-edge-type light-source unit in which ttx^ 

^.side direction ot 

fluorescent lamps 8 (one fluorescent lampx2) are arranged in the shc7**' 

^pper lamp and 

the light guide plate 11. In this case, discrete inverters are used for ^ 

^^5^ arrangement is 

lower lamp. However, it is allowed to use the same inverters. Trx^ 

-^ularly suitable for 

preferable for a large liquid-crystal display. Particularly, it is part:*- 

erture ratio like 

a model having a large-pixel liquid-crystal display panel having an 
the TN type or VA type. 
[0169] 

Fig. 25 shows a side-edge-type light-source unit in which tt^^ 

^g.side direction ot 

fluorescent lamps (one fluorescent lamp x 2) 8 are arranged in the 

- -fcceL--shaped 
the light guide plate 1 1 . Because two fluorescent lamps 8 curved 1- 

is greatly 

surrounds the light guide plate 1 1 , the luminance of the light-soured 

^i:6lyfrom^* 
improved. Moreover, because two fluorescent lamps are set sepax*-^^ 



e total of two 



other, it is easy to release the heat radiated from each fluorescent lamp- Furtbennore, 
the light-source unit does not easily cause display irregularity and it is ^Iso effective m 
restraining the size of the whole liquid-crystal display. 
[0170] 

Fig. 26 shows the inverter arrangement in the light-source ux^^ ^ 
possible to turn one or two lamps by one transformer. Particularly, 
lamps by one transformer, power loss is decreased by making the lamp high-voltage 
side close to the transformer. 
[0171] 

It is also possible to use the U-shaped fluorescent lamp 8 sho^ ^ 
The advantage of using an L-shaped or U-shaped fluorescent lamp li^^ ^ improvement 

of the luminance of an angular portion. 
[0172] 

Fig. 28(a) shows a side-edge-type light-source unit in which fluorescent 
lamp 8 is set in the long side direction of the light guide plate 1 1 . TJ*^ ^^^^t guide plate 
1 1 has a wedged cross section in the thickness direction. Moreover^ ^ shown in Fig. 
28(b), it is also allowed to mount an L-shaped fluorescent lamp 8 as ^bo^ ^ ^^^^ 
or a U-shaped fluorescent lamp 8 as shown in Fig. 28(c). In the cas^ ^ TN-type 
liquid-crystal display, a problem may occur that a display screen bec^^'^^^ ^ 
away from a light source. To solve the problem, the configuration C^f light-source 
unit m Fig. 28(c) is preferable. 
[0173] 

Figs. 29(a) and 29(b) show an example of inverter arrangen*^^^ 
source unit shown in Fig. 28. Normally, printing of white dot for r^fl^^^S ^S^t is 
applied to the downside of the light guide plate 1 1 . The imiformity whole screen 

is unproved by setting the printing density of the dot of a portion clo ^® to 
rarefactional state and that of a portion far from the lamp to dense st^^®- 
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[0174] 

Fig. 30(a) shows an arrangement drawing of a liquid-crystal display having an 
directly-under-type back light described by referring to Fig. 3. Six to eight fluorescent 
lamps 8 are arranged in the long-side direction of the substrate 3. Fig. 30(b) is a 
modification of the arrangement drawing in Fig. 30(a), in which 12 fluorescent lamps 8 
are arranged in the short-side direction of the substrate 3. 
[Drawings] 
Fig. 19 

1) Low-voltage side of lamp 

2) High-voltage side of lamp 

3) Inverter 

8: Lamp 

11: Light guide plate 
Fig. 21 

1) Low-voltage side of lamp 

2) High-voltage side of lamp 

3) Inverter 
8: Lamp 

11: Light guide plate 

Fig. 22 

1) Lamp low- voltage side 

2) Inverter 

3) High-voltage side of lamp 
Fig. 23 

1) Low-voltage side of lamp 

2) Inverter 

3) High-voltage side of lamp 



8: Lamp 

11: Light guide plate 
Fig. 25 
8: Lamp 

1 1 : Light guide plate 
Fig. 26 

1) Low-voltage side of lamp 

2) High-voltage side of lamp 

3) Inverter 
8: Lamp 

1 1 : Light guide plate 
Fig. 27 

1) Low- voltage side of lamp 

2) High- voltage side of lamp 

3) Inverter 
8: Lamp 

1 1 : Light guide plate 
Fig. 28 
8: Lamp 

1 1 : Light guide plate 
Fig. 29 

1) Low-voltage side of lamp 

2) High- voltage side of lamp 
8: Lamp 

1 1 : Light guide plate 
Fig. 30 

1) Low-voltage side of lamp 



2) High- voltage side of lamp 

3) Display area 

4) Inverter 
8: Lamp 
Fig. 31 

Directly-under-type-lamp backlight/lamp 
Lamp Iximinance waveform 
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